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$\Omega_{b}=1\oplus 0\oplus 0\oplus\cdots\in \mathscr{F}$
$[a(\ovalbox{\tt\small REJECT}_{g)]=0=[a’(f),a^{\uparrow}(g)]^{)}}^{(f),a^{1}(f),f_{\dagger}g\in L^{2}(\mathbb{R}^{d}}\sim j\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} r_{k)f(k)dk}\ovalbox{\tt\small REJECT}_{\llcorner T}\vee$
$d\Gamma(T)$ $T$ 2 $\omega(k)=|k|$ $L^{2}$






$2\cross 2$ : $\sigma_{x}=\{\begin{array}{ll}0 11 0\end{array}\}$ , $\sigma_{y}=\{\begin{array}{l}0-i0i\end{array}\}$ , $\sigma_{z}=\{\begin{array}{l}010-1\end{array}\}.$
$\mathscr{H}=\mathbb{C}^{2}\otimes \mathscr{F}$
$H_{SB}=\epsilon\sigma_{z}\otimes 1+1\otimes H_{f}+\alpha\sigma_{x}\otimes\phi_{b}(\hat{h})$ (1.2)
$\alpha\in \mathbb{R}$ $\epsilon\geq 0$ 2
2
2.1
$\mathbb{R}^{3}$ $SU(2)$ adjoint $n\in \mathbb{R}^{3}$ $\theta\in[0,2\pi)$
$e^{(i/2)\theta n\cdot\sigma}$ $e^{(i/2)\theta n\cdot\sigma}\sigma_{\mu}e^{-(i/2)\theta n\cdot\sigma}=(R\sigma)_{\mu}$ $R$ $3\cross 3$
$n$
$\theta$ $\sigma=(\sigma_{x}, \sigma_{y}, \sigma_{z})$ $n=(0,1,0)$ $\theta=\pi/2$
$e^{(i/2)\theta n\cdot\sigma}\sigma_{x}e^{-(i/2)\theta n\cdot\sigma}=\sigma_{z},$ $e^{(i/2)\theta n\cdot\sigma}\sigma_{z}e^{-(i/2)\theta n\cdot\sigma}=-\sigma_{x}$
$U= \exp(i\frac{\pi}{4}\sigma_{y})\otimes 1=\frac{1}{\sqrt{2}}\{\begin{array}{ll}1 1-1 l\end{array}\} \otimes 1$ (2.1)
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$\mathscr{H}$ $H_{SB}$
$H=UH_{SB}U^{*}=-\epsilon\sigma_{x}\otimes 1+1\otimes H_{f}+\alpha\sigma_{z}\otimes\phi_{b}(h)$ (2.2)
$H=[^{H_{f}+\alpha\phi_{b}(\hat{h})}-\epsilon$ $H_{f}-\alpha\phi_{b}(\hat{h})-\epsilon]$
$\hat{h}/\sqrt{\omega}\in L^{2}(\mathbb{R}^{d})$ $h$ $\phi_{b}$ ( ) $H_{f}$
Kato-Rellich $H$ $D(H_{f})$ $z_{2}=\{-1, +1\}$
2 $\Psi=\{\begin{array}{l}\Psi(+)\Psi(-)\end{array}\}\in \mathscr{H}$
$H\Psi=\{\begin{array}{ll}(H_{f}+\alpha\phi_{b}(\hat{h}))\Psi(+)- \epsilon\Psi(-)(H_{f}-\alpha\phi_{b}(\hat{h}))\Psi(-)- \epsilon\Psi(+)\end{array}\}$
$H$ $L^{2}(\mathbb{Z}_{2};\mathscr{F})=\{f$ : $\mathbb{Z}_{2}arrow \mathscr{F}|\Vert f\Vert_{L^{2}(\mathbb{Z}_{2};\mathscr{S})}=\sqrt{\sum_{\sigma\in \mathbb{Z}_{2}}\Vert f(\sigma)\Vert_{\mathscr{F}}^{2}}<\infty\}$
$(\tilde{H}\Psi)(\sigma)=(H_{f}+\alpha\sigma\phi_{b}(\hat{h}))\Psi(\sigma)+\epsilon\Psi(-\sigma) , \sigma\in \mathbb{Z}_{2}$ , (2.3)
$\mathscr{H}$ $L^{2}(\mathbb{Z}_{2};\mathscr{F})$ $\mathscr{H}\ni$ $\{\begin{array}{l}\Psi(+)\Psi(-)\end{array}\}$ $\mapsto\Psi(\sigma)=\{\begin{array}{l}\Psi(+) , \sigma=+1,\in\Psi(-) , \sigma=-1\end{array}$
$L^{2}(\mathbb{Z}_{2};\mathscr{F})$ , $H$ $\tilde{H}$ $H$ $\tilde{H}$
2.2
$(N_{t})_{t\in \mathbb{R}}$ intensity 1 $(\Omega, \Sigma, P)$ $D=\{t\in \mathbb{R}|N_{t+}\neq N_{t-}\}$
$\int_{(s,t]}f(r, N_{r})dN_{r}= \sum_{r\in D,r\in(s,t]}f(r, N_{r})$
( [HL08] Appendix ). $\int_{(s,t]}\cdots dN_{r}$ $\int_{S}^{t+}\cdots dN_{r}$
$g$ $\int_{s}^{t+}g(r, N_{-r})dN_{r}$ $t$ $g(r, N_{-r})$
$\sigma_{t}=\sigma(-1)^{N_{t}}$
2.1 $(N_{t})_{t\in \mathbb{R}}$
: $N_{t}$ $N_{s}$ $s\leq 0\leq t,$ $s\neq t.$
: $(N_{t})_{t\geq 0}$ $(N_{t})_{t\leq 0}$ $\mathscr{F}_{t}^{+}=\sigma(N_{s}, 0\leq s\leq t)$ $\mathscr{F}_{t}^{-}=\sigma(N_{s}, t\leq s\leq 0)$
i.e., $E_{P}[N_{t+s}|\mathscr{F}_{s}^{+}]=E_{P}^{N_{8}}[N_{t}],$ $E_{P}[N_{-t-s}|\mathscr{F}_{-s}^{-}]=\mathbb{E}_{P}^{N-s}[N_{-t}].$
: $N_{t}$ $N_{-t}$ i.e., $E_{P}[f(N_{-t})]=E_{P}[f(N_{t})]=\sum_{n=0}^{\infty}f(n)\frac{|t|^{n}}{n!}e^{-|t|}.$
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: $\sigma_{t}=(-1)^{N}tt\in \mathbb{R}$, i.e.,
$\sum_{\sigma\in Z_{2}}E_{P}[\prod_{=0}^{n}f_{j}(\sigma_{t_{j}})]=\sum_{\sigma\in Z_{2}}E_{P}[\prod_{=0}^{n}f_{j}(\sigma_{s+t_{j}})],$ $s\in \mathbb{R}.$
2.3
$\mathscr{F}$
$\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT} Q,$
$\mu$ ) $L^{2}$
$\phi(f)$ , f $\in$ L2($\mathbb{R}$d) $k^{\backslash }g_{ E_{\mu}[\emptyset(f)\phi(g)=\frac{1}{2}(f,g)}$
$\phi(f)$ $\phi_{b}(f)$ $Q$ 1 $\Omega_{b}\in \mathscr{F}$
$H_{f}$ $L^{2}(\mathbb{R}^{d})$ $L^{2}(\mathbb{R}^{d+1})$




$4^{1}\#$ $\ovalbox{\tt\small REJECT}_{\acute{\wedge}}^{\pi}$’ $\Re$ $j_{s}f\in L^{2}(\mathbb{R}^{d+1})$
$E_{\mu_{E}}[\Phi_{E}(j_{S}f)\Phi_{E}(j_{t}g)|=\frac{1}{2}\int_{R^{d}}e^{-|s-t|\omega(k)}\overline{\hat{f}(k)}\hat{g}(k)dk.$
$\{J_{s}\}_{s\in R}$ $L^{2}(Q)$ $L^{2}(Q_{E})$ :
$J_{8}1=1, J_{S}:\phi(f_{1})\cdots\phi(f_{n}):=:\Phi_{E}(j_{s}f_{1})\cdots\Phi_{E}(j_{8}f_{n}):$ . (2.4)
:$X$ : $(J_{8}\Phi, J_{t}\Psi)_{L^{2}(Q_{E})}=(\Phi, e^{-|t-8|H_{f}}\Psi)_{L^{2}(Q)}$
$\mathscr{H}$ $\mathbb{C}^{2}\otimes L^{2}(Q)$
2.2 $\Phi,$ $\Psi\in \mathscr{H},$ $h\in L^{2}(\mathbb{R}^{d})$
$( \epsilon\neq 0) (\Phi, e^{-tH}\Psi)_{\mathscr{H}}=e^{t}\sum_{\sigma\in Z_{2}}E_{P}E_{\mu_{E}}[J_{\overline{0^{\Phi(\sigma_{0})e^{-\alpha\Phi_{E}(\int_{0}^{t}\sigma_{\epsilon}j_{s}hds)_{\epsilon^{N}tJ_{t}\Psi(\sigma_{t})]}}}}}$ (2.5)
$( \epsilon=0) (\Phi, e^{-tH}\Psi)_{\mathscr{H}}=e^{t}\sum_{\sigma\in Z_{2}}E_{\mu_{E}}[\overline{J_{0}\Phi(\sigma)}e^{-\alpha\Phi_{E}(\sigma\int_{0}^{t}j_{s}hds)}J_{t}\Psi(\sigma)]$ . (2.6)
: $\epsilon\neq 0$ (2.3) $H\Psi(\sigma)=(H_{f}+\alpha\phi(h))\Psi(\sigma)-e^{\log\epsilon}\Psi(-\sigma)$ [$HL$08,
Theorem 4.11]
$( \Phi, e^{-tH}\Psi)_{\mathscr{H}}=e^{t}\sum_{\sigma\in z_{2}}E_{P}E_{\mu_{E}}[\overline{J_{0}\Phi(\sigma_{0})}e^{-\alpha\int_{0}^{t}\sigma.\Phi_{E}(j_{s}f)d\epsilon+\int_{0}^{t+}\log\epsilon dN_{\epsilon}}J_{t}\Psi(\sigma_{t})]$
$\int^{t+}\log\epsilon dN_{s}=N_{t}\log\epsilon$ (2.5) $\epsilon=0$ $\epsilonarrow 0$ (2.5)
$m\ovalbox{\tt\small REJECT}_{7J}/\backslash \ovalbox{\tt\small REJECT}\Re$
$\{N_{t}\geq 1\}$ $\{N_{t}=0\}$ (2.6)
:
$\lim_{\epsilonarrow 0}(\Phi, e^{-tH}\Psi)_{\mathscr{H}} =\lim_{\epsilonarrow 0}e^{t}\sum_{\sigma\in Z_{2}}E_{P}E_{\mu_{E}}[J_{\overline{0^{\Phi(\sigma_{0})e^{-\alpha\Phi_{E}(\int_{0}^{t}\sigma_{\delta}j_{\epsilon}hds)_{\epsilon^{N}tJ_{t}\Psi(\sigma_{t})]}}}}}$





$(1_{\mathscr{H}}, e^{-tH}1_{\mathscr{H}})=e^{t} \sum_{\sigma\in \mathbb{Z}_{2}}E_{P}[\epsilon^{N}te^{\frac{\alpha^{2}}{2}\int_{0}^{t}dr\int_{0}^{t}W(N_{r}-N_{s},r-s)ds}]$ , (2.8)
$W(x, s)= \frac{(-1)^{x}}{2}\int_{\mathbb{R}^{d}}e^{-|s|\omega(k)}|\hat{h}(k)|^{2}dk.$






3.1 $\epsilon\neq 0$ $e^{-tH},$ $t>0$ , i.e., $(\Psi, e^{-tH}\Phi)>0$
$\Psi,$ $\Phi\geq 0(\Psi\not\equiv 0\not\equiv\Phi)$
: $(\Psi, e^{-tH}\Phi)\geq 0$ $(\Psi, e^{-tH}\Phi)\neq 0$ $(\Psi, e^{-tH}\Phi)=0$
$E_{P}[(J_{0}\Psi(\sigma),$ $e^{\Phi_{E}(-\alpha\int_{0}^{t}\sigma_{s}j_{s}hd_{S})_{\epsilon^{N}tJ_{t}\Phi(\sigma_{t}))_{L^{2}(Q_{E})}]}}=0$ .
$supp(J_{0}\Psi(\sigma))\cap supp(J_{t}\Phi(\sigma_{t}))=\emptyset$
$0=(J_{0}\Psi(\sigma), J_{t}\Phi(\sigma_{t}))=(\Psi(\sigma), e^{-tH_{f}}\Phi(\sigma_{t}))$ . $e^{-tH_{f}}$ $\Psi(\sigma)\equiv 0$
$\Phi(\sigma_{t})\equiv 0$ . $(\Psi, e^{-tH}\Phi)>0$
3.2
$\epsilon=0$ $H=\{\begin{array}{ll}H_{f}+\alpha\phi(h) 00 H_{f}-\alpha\phi(h)\end{array}\}$
$H_{f}+\alpha\phi(h)$ van Hove
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/$\omega\in$ L2($\mathbb{R}$d) $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$ $H$ 2





I $\Phi_{T}\Vert^{2}=e^{2TE}\sum_{\sigma\in Z_{2}}E_{P}[\epsilon^{N_{T}}e^{\frac{\alpha^{2}}{2}\int_{-\tau^{dt\int_{-T}^{T}W(N_{t}-N_{l},t-s)ds}}^{T}}]$ , (3.2)
$(1_{\mathscr{H}}, \Phi_{T})=e^{TE}\sum_{\sigma\in Z_{2}}E_{P}[\epsilon^{N_{T}}e^{\frac{\alpha^{2}}{2}\int_{0}^{T}dt\int_{0}^{T}W(N_{t}-N_{\delta},t-s)d\epsilon}]$ . (3.3)
$| \int_{-T}^{0}dt\int_{0}^{T}W(N_{t}-N_{s}, t-s)ds|\leq\frac{1}{2}\Vert\hat{h}/\omega\Vert^{2}$ (3.4)
$T$
3.3 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$ $H$
: $\int_{-T}^{T}dt\int_{-T}^{T}Wds=\int^{0}-\tau dt\int_{-T}^{0}Wds+\int_{0}^{\tau_{dt\int_{0}^{T}Wds}}+2\int_{-T}^{0}dt\int_{0}^{T}Wds$ (3.4)
$\Vert\Phi_{T}\Vert^{2}\leq e^{2TE}\sum_{\sigma\in Z_{2}}E_{P}[\epsilon^{N_{T}}e^{\frac{\alpha^{2}}{2}(\int_{-T}^{0}dt\int_{-T}^{0}dsW(N_{t}-N_{s},t-s)+\int_{0}^{T}dt\int_{0}^{T}dsW(N_{t}-N_{\delta},t-\epsilon)+\Vert\hat{h}/\omega\Vert^{2})]}$ (3.5)
$N_{t}$ $N_{-s}$






$Spec(\sigma_{z})=\{-1,1\}$ $Spec(N)=\{0,1,2, \ldots\}$ $Spec(P)=\{-1,1\}$
$\mathscr{H}$
$\mathscr{F}_{\uparrow^{\oplus \mathscr{F}}\downarrow}$ . $\mathscr{F}$
138
$\sigma_{X}=\{\begin{array}{ll}a bc d\end{array}\}$ $\sigma_{X}\{\begin{array}{l}\Psi(+)\Psi(-)\end{array}\}=\{\begin{array}{l}a\Psi(+)+b\Psi(-)c\Psi(+)+d\Psi(-)\end{array}\},$ $\{\begin{array}{l}\Psi(+)\Psi(-)\end{array}\}\in \mathscr{F}_{\uparrow}\oplus \mathscr{F}_{\downarrow}$
$\mathscr{F}$ $\mathscr{F}_{e}\oplus \mathscr{F}_{o}$ $\mathscr{F}_{e}$ $\mathscr{F}$
i.e., $\mathscr{F}_{e}=\oplus_{m=0}^{\infty}\mathscr{F}_{2m}$ and $\mathscr{F}_{O}=\oplus_{m=0}^{\infty}\mathscr{F}_{2m+1}.$ $\mathscr{F}$ $\mathscr{F}_{e}$
$\mathscr{H}_{+}=P_{e}\mathscr{F}_{\uparrow}\oplus P_{o}\mathscr{F}_{\downarrow,\mathscr{H}_{-}=P_{0\uparrow}}\mathscr{F}\oplus P_{e}\mathscr{F}_{\downarrow}$
3.4
(1) $\mathscr{H}$ $\mathscr{H}_{+}\oplus \mathscr{H}_{-}$
$\mathscr{F}_{\uparrow}\oplus \mathscr{F}_{\downarrow}\ni\{\begin{array}{l}\Psi(+)\Psi(-)\end{array}\}\mapsto\{\begin{array}{l}\Psi(+)_{e}\Psi(-)_{o}\end{array}\}\oplus\{\begin{array}{l}\Psi(+)_{ }\Psi(-)\end{array}\}\in \mathscr{H}_{+}\oplus \mathscr{H}_{-}.$
$\Psi(\pm)_{e}=P_{e}\Psi(\pm),$ $\Psi(\pm)$ $=P_{o}\Psi(\pm)$ .
(2) $[H_{SB}, P]=0.$
(3) $\mathscr{H}_{\pm}$ $P$ $\pm 1$
(4) HSB HSB $=H_{SB}$ $\oplus H_{SB}$ $\mathscr{H}_{-}$
:
(1) $(\Psi, \sigma_{x}\Phi)=0,$ $(U^{*}\Psi, \sigma_{z}U^{*}\Phi)=0$ $\Psi,$ $\Phi\in \mathscr{H}_{\pm}$
(2) $(\Psi, \phi(f)\Phi)=0,$ $(U^{*}\Psi, \phi(f)U^{*}\Phi)=0$ $\Psi,$ $\Phi\in \mathscr{H}\pm$
3.5 $\varphi_{SB}$ $\varphi_{SB}\in \mathscr{H}_{-}.$
: $\varphi sB=U^{*}\varphi_{g}$
$\varphi_{SB}=s-\lim_{Tarrow\infty}\frac{U^{*}e^{-TH}1_{\mathscr{H}}}{\Vert U^{*}e^{-TH}1_{\mathscr{H}}\Vert}=s-\lim_{Tarrow\infty}\frac{e^{-TH_{SB}}U^{*}1_{\mathscr{H}}}{\Vert e^{-TH_{SB}}U^{*}1_{\mathscr{H}}\Vert}.$
$1_{\mathscr{H}}$ $\{\begin{array}{l}\Omega_{b}\Omega_{b}\end{array}\}\in \mathscr{F}_{\uparrow}\oplus \mathscr{F}_{\downarrow}$ $U^{*}1_{\mathscr{H}}= \frac{1}{2}\{\begin{array}{ll}1 -11 1\end{array}\} \{\begin{array}{l}\Omega_{b}\Omega_{b}\end{array}\}=\{\begin{array}{l}0\Omega_{b}\end{array}\}\in \mathscr{H}_{-}$.
$Pe^{-TH_{SB}}U^{*}1_{\mathscr{H}}=e^{-TH_{SB}}PU^{*}1_{\mathscr{H}}=-e^{-TH_{SB}}U^{*}1_{\mathscr{H}}$. I.e., $e^{-TH_{SB}}U^{*}1_{\mathscr{H}}\in \mathscr{H}_{-}$ .
$\varphi sB\in \mathscr{H}_{-}$
3.1 $\varphi_{g}$ $\rho(\sigma, \phi)=\{\begin{array}{l}1, \sigma=+1 0, \sigma=-1\end{array}$




$\epsilon=1$ $\mathscr{X}=D(\mathbb{R};\mathbb{Z}_{2})$ $\mathbb{Z}_{2}$ cadl\‘ag 1
$\sigma$- $\sigma$ . : $(\Omega, \Sigma, P)arrow(\mathscr{X},\mathscr{G})$ -
$\mathcal{W}^{\sigma}$ , i.e., $A\in \mathscr{G}$ $\mathcal{W}^{\sigma}(A)=\sigma^{-1}(A)$ ,
$(X_{t})_{t\in R}$ , i.e., $X_{t}(\omega)=\omega(t)$
$( \Phi, e^{-tH}\Psi)_{\mathscr{H}}=e^{t}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}E_{\mu_{E}}[J_{\overline{0^{\Phi(X_{0})e^{-\alpha\Phi}}}}E(\int_{0}^{t}X_{s}j_{l}hd_{S})_{J_{t}\Psi(X_{t})]}$ (4.1)
$E_{\mathcal{W}^{\sigma}}=E_{\mathcal{W}}^{\sigma}$
4.1 $\Phi,$ $\Psi\in \mathscr{H},$ $s\in \mathbb{R}$ ,
$( \Phi, e^{-tH}\Psi)_{\mathscr{H}}=e^{t}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}E_{\mu_{E}}[\overline{J_{S}\Phi(X_{s})}e^{-\alpha\Phi_{E}(\int_{s}^{\epsilon+t}X_{r}j_{r}hdr)_{J_{s+t}\Psi(X_{s+t})]}}$ . (4.2)
$( \Phi, e^{-tH}\Psi)_{\mathscr{H}}=\lim_{narrow\infty}(\Phi, (e^{-\frac{t}{n}(\epsilon\sigma_{x}+\alpha\sigma_{z}\otimes\phi(h))}e^{-\frac{t}{n}H_{f}})^{n}\Psi)$ $e^{-|t-s|H_{f}}=J_{t}^{*}J_{S}$
$( \Phi, e^{-tH}\Psi)_{\mathscr{H}}=e^{t}\sum_{\sigma\in z_{2}}E_{P}E_{\mu_{E}}[0.$
$( \Phi, e^{-tH}\Psi)_{\mathscr{H}}=e^{t}\sum_{\sigma\in Z_{2}}E_{P}\mathbb{E}_{\mu_{E}}[\overline{J_{S}\Phi(\sigma_{s})}e^{-\alpha\Phi_{E}(\int_{0^{\sigma_{\epsilon+r}j_{s+r}hdr}}^{t})_{J_{s+t}\Psi(\sigma_{s+t})]}}.$
$Q_{[s,\tau]}=J_{S}^{*}e^{\Phi_{E}(-\alpha\int_{S}^{T}X_{l}j_{\epsilon}h\ )}J_{T}$ $L^{2}(Q)$ $\Vert Q_{[S,T]}\Vert\leq\Vert Q_{[s,\eta}\Vert_{L^{1}(Q)}\leq$
$e^{\frac{\alpha^{2}}{4}\Vert\int_{S}^{T}X_{l}j_{\epsilon}h}$ $||$2 $(z_{2}, \mathscr{B})$ $\sigma$- $\mathscr{B}=\{\emptyset, \{-1\}, \{+1\}, \mathbb{Z}_{2}\}.$
4.$2-\infty<t0\leq t_{1}\leq\ldots\leq t_{n}<00,$ $A_{0},$
$\ldots,$
$A_{n}\in$
$(\Phi, 1_{A_{0}}e^{-(t_{1}-t_{0})H}1_{A_{1}}e^{-(t_{2}-t_{1})H} . . .e^{-(t_{n}-t_{n-1})H}1_{A_{n}}\Psi)$
$=e^{t_{n}-t_{0}} \sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}E_{\mu_{E}}[(\prod_{j=0}^{n}1_{A_{j}}(X_{t_{j}}))\overline{\Phi(X_{t_{0}})}Q_{[t_{0},t_{n}]}\Psi(X_{t_{n}})]$ (4.3)














$=e^{s+t} \sum_{\sigma\in \mathbb{Z}_{2}}E_{\mathcal{W}}^{\sigma}[1_{A_{0}}(X_{0})1_{A_{1}}(X_{s})1_{A_{2}}(X_{s+t})(J_{0}\Phi(X_{0}),$ $e^{-\alpha\Phi_{E}(\int_{0}^{s+t}X_{r}j_{r}hdr)}J_{t+s}\Psi(X_{t+s}))].$
$(\Phi, 1_{A_{0}}e^{-(t_{1}-t_{0})H}1_{A_{1}}e^{-(t_{2}-t_{1})H}\cdots e^{-(t_{n}-t_{n-1})H}1_{A_{n}}\Psi)$
$=e^{t_{n}-t_{0}} \sum_{\sigma\in \mathbb{Z}_{2}}E_{\mathcal{W}}^{\sigma}E_{\mu_{E}}[(\prod_{j=0}^{n}1_{A_{j}}(X_{t_{j}-t_{0}}))\overline{\Phi(X_{0})}Q_{[0,t_{n}-t_{0}]}\Psi(X_{t_{n}-t_{0}})]$ (4.5)
$\sigma_{t}$




$=e^{t_{n}-t_{0}} \sum_{\sigma\in \mathbb{Z}_{2}}\mathbb{E}_{\mathcal{W}}^{\sigma}[e^{\frac{\alpha^{2}}{2}\int_{t_{0}}^{t_{n}}dt\int_{t_{0}}^{t_{n}}dsW(X_{s},X_{t},t-s)}\prod_{j=0}^{n}1_{A_{j}}(X_{t_{j}})]$ (4.6)
$W(x, y, t)= \frac{xy}{2}\int_{\mathbb{R}^{d}}e^{-|t|\omega(k)}|\hat{h}(k)|^{2}dk.$
: 4.2 (4.6) $=e^{t_{n}-t_{0}} \sum_{\sigma\in Z_{2}}\mathbb{E}_{\mathcal{W}}^{\sigma}[E_{\mu_{E}}[Q_{[t_{0},t_{n}]}]\prod_{j=0}^{n}1_{A_{j}}(X_{t_{j}})]$ .
$\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$
$\varphi_{g}\in \mathscr{H}$ $\mathscr{G}_{[-T,T]}=\sigma(X_{t},$ $t\in$
$[-T, T])$ $\mathcal{F}=\bigcup_{T\geq 0}\mathscr{G}_{[-T,T]}$ $\mu_{T}$ $(\mathscr{X}, \sigma(\mathcal{F}))$ :




4.4 $\mu_{\infty}$ $(\mathscr{X}, \sigma(\mathcal{F}))$ $\mu_{T}$ $\mu_{\infty}$ (local weak con-
vergnece) $\lim_{narrow\infty}\mu_{T}(A)=\mu_{\infty}(A)$ $A\in \mathscr{G}_{[-t,t]}$ $t\geq 0$




$\rho_{T}$ $(\mathscr{X},\mathscr{G}_{[-T,T]})$ $\mu_{T}(A)=\rho_{T}(A),$ $A\in \mathscr{G}_{1-T,T]},$
$\rho_{T}$
$\mu$
( $I$ $\mathcal{F}\rho_{T}1_{bO^{\backslash }\not\in^{\mu}}^{A)arrow}b_{\backslash E}^{A)}$
Hopf $\mu$ $\mu_{\infty}$
$(\mathscr{X}, \sigma(\mathcal{F}))$ $\mu_{T}(A)arrow\mu_{\infty}(A)$ $A\in \mathcal{F}$
$\mu_{T}^{\Lambda}(A_{0}\cross\cdots\cross A_{n})=\frac{e^{2T}}{Z_{T}}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}[(\prod_{j=0}^{n}1_{A_{j}}(X_{t_{j}}))e^{\frac{a^{2}}{2}\int_{-T}^{T}dt\int_{-T}^{T}dsW(X_{t},X_{\epsilon},t-s)]}$ (4.8)
$(z_{2}^{\Lambda}, \mathscr{B}^{\Lambda})$ $\mathbb{Z}_{2}^{\Lambda}=\cross^{n}\mathbb{Z}^{t_{j}},$ $\mathscr{B}^{\Lambda}=\cross^{n}j=1\mathscr{B}^{t_{j}}$ $(A=\{t_{1}, \ldots, t_{n}\})$ ,
$\mathbb{Z}_{2}^{t_{j}}$
$\mathbb{Z}_{2}$
$\mathcal{F}$ $( , \mathcal{F})$
:
$\mu(A)=e^{2Et}e^{2t}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}[1_{A}(\varphi_{g}(X_{-t}), Q_{1-t,t]}\varphi_{g}(X_{t}))_{\mathscr{H}}], A\in \mathscr{G}_{1-t,t]}$. (4.9)
4.5 (1)$\mu(\mathscr{X})=(\varphi_{g}, e^{-2t(H-E)}\varphi_{g})=1$ (2) $\mu$ well defined $I$ .e.,
$\mu(A)=e^{2Et}e^{2t}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}[1_{A}(\varphi_{g}(X_{-t}), Q_{[-t,t]}\varphi_{g}(X_{t}))_{\mathscr{H}}]$
$=e^{2Es}e^{2s} \sum_{\sigma\in z_{2}}E_{\mathcal{W}}^{\sigma}[1_{A}(\varphi_{g}(X_{-S}), Q_{[-s,s]}\varphi_{g}(X_{S}))_{\mathscr{H}}]$
$A\in \mathscr{G}_{[-t,t]}\subset \mathscr{G}_{[s,-s]}$
4.6 $( , \sigma(\mathcal{F}))$ $\mu_{\infty}$ $\mu_{\infty}$ $=\mu$ $\mu_{\infty}(A)=$
$\mu(A)$ $A\in \mathscr{G}_{1-t,t]}(t\in \mathbb{R})$








$\mu_{T}(A)arrow\mu_{\infty}(A)(A\in \mathscr{G}_{[-t,t]})$ $\rho_{T}$ $(\mathscr{X}, \mathscr{G}_{\mathfrak{l}-T,T]})$
: $A\in \mathscr{G}_{[-t,t]}(t\leq T)$
$\rho_{T}(A)=e^{2Et}e^{2t}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}[1_{A}(\frac{\Phi_{T-t}(X_{-t})}{||\Phi_{T}\Vert}, Q_{1-t,t]}\frac{\Phi_{T-t}(X_{t})}{\Vert\Phi_{T}\Vert})]$ . (4.10)
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4. $7\rho_{T}$ $\mu_{T}$ well defined $I$ .e.,
$\rho_{T}(A)=e^{2Et}e^{2t}\sum_{\sigma\in Z_{2}}\mathbb{E}_{\mathcal{W}}^{\sigma}[1_{A}(\frac{\Phi_{T-t}(X_{-t})}{||\Phi_{T}\Vert}, Q_{[-t,t]}\frac{\Phi_{T-t}(X_{t})}{\Vert\Phi_{T}\Vert})]$
$=e^{2Es}e^{2s} \sum_{\sigma\in \mathbb{Z}_{2}}E_{\mathcal{W}}^{\sigma}[1_{A}(\frac{\Phi_{T-s}(X_{-s})}{\Vert\Phi_{T}\Vert}, Q_{[-s,s]}\frac{\Phi_{T-s}(X_{S})}{\Vert\Phi_{T}\Vert})]$
$A\in \mathscr{G}_{[-t,t]}\subset \mathscr{G}_{[-s,s]}\subset \mathscr{G}_{[-\tau,\tau]}$




4.8 $\Lambda=$ $\{$ to, $t_{1},$ $\ldots,$ $t_{n}\},$ $A_{0}\cross\ldots\cross A_{n}\in \mathscr{B}^{\Lambda}$
$\mu_{T}^{\Lambda}(A_{0}\cross\cdots\cross A_{n})=\rho_{T}^{\Lambda}(A_{0}\cross\cdots\cross A_{n})$ .
: 4.2
$\mu_{T}^{\Lambda}(A_{0}\cross \cdots\cross A_{n})=\frac{1}{\Vert\Phi_{T}\Vert^{2}}(1_{\mathscr{H}}, e^{-(t_{0}+T)H}1_{A_{0}}e^{-(t_{1}-t_{0})H}1_{A_{1}}\cdots1_{A_{n}}e^{-(T-t_{n})H}1_{\mathscr{H}})$.
$\Phi_{T-t}$
$\mu_{T}^{\Lambda}(A_{0}\cross\cdots\cross A_{n})=\frac{e^{2Et}}{\Vert\Phi_{T}||^{2}}(\Phi_{T-t}, e^{-(t_{0}+t)H}1_{A_{0}}e^{-(t_{1}-t_{0})H}1_{A_{1}}\cdots 1_{A_{n}}e^{-(t-t_{n})H}\Phi_{T-t})$
4.2
$\mu_{T}^{\Lambda}(A_{0}\cross\cdots\cross A_{n})=e^{2Et}e^{2t}\sum_{\sigma\in \mathbb{Z}_{2}}E_{\mathcal{W}}^{\sigma}[\prod_{=0}^{n}1_{A_{j}}(X_{t_{j}})(\frac{\Phi_{T-t}}{||\Phi_{T}||}(X_{-t}),$ $Q_{[-t,t]} \frac{\Phi_{T-t}(X_{t})}{\Vert\Phi_{T}\Vert})]$
$=\rho_{T}^{\Lambda}(A_{0}\cross\cdots\cross A_{n})$ .
$\mathbb{Z}_{2}$ - $\mathbb{Z}_{2}^{(-\infty,\infty)}=\{\omega:(-\infty, \infty)arrow z_{2}\}$
4.9 $t\leq T$ $A\in \mathscr{G}_{[-t,t]}$ $\mu\tau(A)=\rho\tau(A)$ .
: $\mu_{T}^{\Lambda},$ $\Lambda\in \mathbb{R}$ , consistency :
$\mu_{T}^{\{t_{0},\ldots,t_{n},s_{1},\ldots,s_{m}\}}(A_{0}\cross\cdots\cross A_{n}\cross\prod \mathbb{Z}_{2})=\mu_{T}^{\{t_{0},\ldots,t_{n}\}}(A_{0}\cross m\ldots\cross A_{n})$
$\pi_{\Lambda}$ : $\mathbb{Z}_{2}^{(-\infty,\infty)}arrow \mathbb{Z}_{2}^{\Lambda}$ $\pi_{\Lambda}(\omega)=(\omega(t_{1}), \ldots, \omega(t_{n}))(A=$






















: 4.9 $\lim_{Tarrow\infty}\rho_{T}(A)=\mu_{\infty}(A)(A\in \mathscr{G}_{[-T,T]})$ $\Phi_{T-t}/\Vert\Phi_{T}\Vertarrow\varphi_{g}$
$(Tarrow\infty)$ $\Phi_{T-t}(\sigma)/\Vert\Phi_{T}\Vertarrow\varphi_{g}(\sigma)$ $Q_{[-t,t]}$
$\lim_{Tarrow\infty}\rho_{T}(A)=\lim_{Tarrow\infty}e^{2t}e^{2Et}\sum_{\sigma\inZ_{2}}E_{\mathcal{W}}^{\sigma}[(\frac{\Phi_{T-t}(X_{-t})}{||\Phi_{T}\Vert}, Q_{[-t,t]}\frac{\Phi_{T-t}(X_{t})}{\Vert\Phi_{T}\Vert})1_{A}]$
$=e^{2t}e^{2Et} \sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}[(\varphi_{g}(X_{-t}), Q_{[-t,t]}\varphi_{g}(X_{t}))1_{A}]=\mu_{\infty}(A)$
4.2 $\epsilon$
$\epsilon>0$ $tH= \epsilon t(-\sigma_{x}\otimes 1+1\otimes\frac{1}{\epsilon}H_{f}+\frac{\alpha}{\epsilon}\sigma_{z}\otimes\phi(\hat{h}))$
$( \Phi, e^{-tH}\Psi)_{\mathscr{H}}=e^{\epsilon t}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}E_{\mu_{E}}[\overline{J_{0}^{\epsilon}\Phi(X_{0})}e^{-(\alpha/\epsilon)\Phi_{E}(\int_{0}^{et}X_{s}j_{s}^{e}hd_{S})}J_{t}^{\epsilon}\Psi(X_{\epsilon t})]$ . (4.13)
$J_{t}^{\epsilon}$ $j_{t}^{\epsilon}$ $\omega$ $\omega/\epsilon$ $(\mathscr{X}, \sigma(\mathcal{F}))$ $\mu_{T}^{\epsilon}$
$\mu_{T}^{\epsilon}(A)=\frac{e^{2\epsilon T}}{Z_{\epsilon T}}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}[1_{A}e^{\frac{a^{2}}{2}\int_{-T}^{T}dt\int_{-T}^{T}dsW(X_{et},X_{\zeta\theta},t-s)]}, A\in\sigma(\mathcal{F})$ , (4.14)
$(I, \mathcal{F})$ :
$\mu^{\epsilon}(A)=e^{2E\epsilon t}e^{2\epsilon t}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}[1_{A}(\varphi_{g}(X_{-\epsilon t}), Q_{[-\epsilon t,\epsilon t]}^{(\epsilon)}\varphi_{g}(X_{\epsilon t})_{\mathscr{H}}], A\in$
$-\epsilon t,\epsilon t].$
$Q_{1-\epsilon t,\epsilon t]}^{(\epsilon)}=J_{-\epsilon t}^{\epsilon*}e^{\Phi_{E}(-(\alpha/\epsilon)\int_{-et}^{\epsilon t}X_{s}j_{S}^{\epsilon}hds)}J_{\epsilon t}^{\epsilon}$ . 4.6 $(\mathscr{X}, \sigma(\mathcal{F}))$
$\mu_{\infty}^{\epsilon}$ $\mu_{\infty}^{\epsilon}$ $=\mu^{\epsilon}$ 4.10 $\lim_{Tarrow\infty}\mu_{T}^{\epsilon}(A)=$
$\mu_{\infty}^{\epsilon}(A)(A\in \mathscr{G}_{[-t,t]})$
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4.11 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$ $(\mathscr{X}, \sigma(\mathcal{F}))$ $\mu_{T}^{\epsilon}l$ $Tarrow\infty$ $\mu^{\epsilon}$
4.3
$(\Omega, \mathscr{F}, Q)$ $(Y_{t})_{t\in \mathbb{R}}$ c\‘adl\‘ag
$\mathscr{F}_{T}=\sigma(Y_{r}, -T\leq r\leq T),$ $\mathscr{T}_{T}=\sigma(Y_{r}, r\in[-T, T]^{c})$
7: $\mathbb{R}^{d}arrow \mathbb{R},$ $\Psi$ : $\mathbb{R}^{d}\cross \mathbb{R}^{d}\cross \mathbb{R}arrow \mathbb{R}$
$\gamma$ $I$ $0<E_{Q}[e^{-\int_{I}7’(Y_{s})ds}]<\infty$
admissible $\mathscr{V}$ $\int_{-}^{\infty}\sup_{x}\in \mathbb{R}^{d}|\mathscr{K}’(x, y, s)|ds<\infty$
admissible Admissible $\gamma,$ $\ovalbox{\tt\small REJECT},$ $0<S\leq T$
$\mathscr{E}_{T}=\int_{-T}^{T}7^{/}(Y_{t})dt+(\int_{\mathbb{R}}ds\int_{-T}^{T}dt+\int_{-T}^{T}ds\int_{\mathbb{R}}dt)\mathscr{V}(Y_{t}, Y_{s}, |t-s|)$, (4.15)
$\mathscr{E}_{S,T}=\int_{-T}^{T}\gamma(Y_{t})dt+(\int_{-S}^{S}ds\int_{-T}^{T}dt+\int_{-T}^{T}ds\int_{-S}^{S}dt)\Psi(Y_{t}, Y_{s}, |t-s|)$ (4.16)
$Y\in\Omega$ $(\Omega, \mathscr{F})$ $Q_{T}^{Y}$ $\mathbb{E}_{Q^{Y}}[fg]=E_{Q}[f|\mathscr{T}_{T}](Y)g(Y)$
$f$ $\mathscr{F}_{T}$- $g$ $\mathscr{T}_{T}$- i.e.,
$Q_{T}^{Y}[A]=E_{Q}[1_{A}|\mathscr{T}_{T}](Y)$ .
4.12 $\gamma$ V admissible
(1) $(\Omega_{-}\mathscr{F})$ $P_{T}$ $[-T, T]$ reference $Q$
$\gamma/,$ $\mathscr{K}’$
(i) $P_{T}$ $Q\lceil_{\mathscr{F}_{T}}$
(ii) $\mathscr{F}$- $f$ $E_{P_{T}}[f|\mathscr{T}_{S}](Y)=\frac{E_{Q_{S}^{Y}}[fe^{-g_{S,T}}]}{E_{Q_{S}^{Y}}[e^{-,9_{S,T}}]},$ $P_{T^{-}}$as.




(i) $P$ $ff_{T}\ll Q$ $\mathscr{F}_{T}$
(ii) $\mathscr{F}$- $f$ $\mathbb{E}_{P}[f|\mathscr{T}_{T}](Y)=\frac{E_{Q_{T}^{Y}}[fe^{-8_{T}^{\mathfrak{l}}}]}{E_{Q_{t}^{Y}}[e^{-8_{T}}]},$ $P$-a.s.
4.13 $\gamma/$ $\psi$ admissible
(1) $T>0$ $dP_{T}= \frac{1}{Z_{T}}e^{-\mathscr{E}_{T,T}}dQ$ $Z_{T}$





: (1) [LHBII] Proposition 4.1, (2) [LHBII] Proposition 4.2
$\mathbb{Z}_{2}$ Bernoulli $\nu(\sigma)=\frac{1}{2}(\delta_{-1}(\sigma)+\delta_{+1}(\sigma))$ $(\mathscr{X}, \sigma(\mathcal{F}))$ $\mathscr{N}$
$\mathscr{N}(A)=E_{\nu}E_{\mathcal{W}}^{\sigma}[1_{A}]$
4.14 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$ $\mu_{\infty}^{\epsilon}$ $(\mathscr{X}, \sigma(\mathcal{F}))$
reference $\mathscr{N}$ , $W(X_{\epsilon t}, X_{\epsilon s}, |t-s|)=$
$\frac{1}{2}X_{\epsilon t}X_{\epsilon 8}\int_{\mathbb{R}^{d}}e^{-|t-s|\omega(k)}|\hat{h}(k)|^{2}dk$
: $\mu_{T}^{\epsilon}$ 4.13 (1) (4.14)
4.11 $\mu_{T}^{\epsilon}(A)arrow\mu_{\infty}^{\epsilon}(A)(Tarrow\infty)$ $A\in \mathscr{G}_{1-t,t]}$
$A\in \mathscr{G}_{[-t,t]}$
$\mu_{\infty}^{\epsilon}(A)=e^{2E\epsilon t}e^{2\epsilon t}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}[(\varphi_{g}(X_{-\epsilon t}), Q_{[-\epsilon t,\epsilon t]}^{(\epsilon)}\varphi_{g}(X_{\epsilon t}))1_{A}]$
$\leq 2e^{2E\epsilon t}e^{2\epsilon t}\Vert Q_{1-\epsilon t,\epsilon t]}^{(\epsilon)}\Vert_{L^{1}(Q)}\mathscr{N}(A)\leq 2e^{2Eet}e^{2\epsilon t}e^{\alpha^{2}t^{2}\Vert h\Vert^{2}}\mathscr{N}(A)$
$\mu_{\infty}^{\epsilon}$
$g_{t}$
$\mathscr{N}$ $t>0$ 4.13 (2)
5
5.1 $\xi(\sigma)F(\phi(f))$
5.1 $f$ $\mathscr{X}$ $\mathscr{G}_{[-\epsilon t,\epsilon t]}$ -
$E_{\mu_{\infty}^{e}}[f]=e^{2E\epsilon t}e^{2\epsilon t}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}[(\varphi_{g}(X_{-\epsilon t}), Q_{[-\epsilon t,\epsilont]}^{(\epsilon)}\varphi_{g}(X_{\epsilon t}))f]$ . (5.1)
: $A\in \mathscr{G}_{[-\epsilon t,\epsilon t]}$ $\mu_{\infty}^{\epsilon}(A)=e^{2\epsilon t}e^{2E\epsilon t}\sum_{\sigma\in Z_{2}}E_{\mathcal{W}}^{\sigma}[(\varphi_{g}(X_{-\epsilon t}),$ $Q_{1-\epsilon t,\epsilon t]}^{(\epsilon)}\varphi_{g}(X_{\epsilon t}))1_{A}]$
(5.1)
5.1
5.2 $f_{j}$ : $\mathbb{Z}_{2}arrow \mathbb{C},$ $j=0,$ $\ldots,$ $n$ ,
$E_{\mu_{\infty}^{\epsilon}}[\prod_{=0}^{n}f_{j}(X_{\epsilon t_{j}})]=(\varphi_{g}, f_{0}e^{-(t_{1}-t_{0})(H-E)}f_{1}\cdots e^{-(t_{n}-t_{n-1})(H-E)}f_{n}\varphi_{g})$ . (5.2)
$\xi,$ $f$ $g$
$E_{\mu_{\infty}^{e}}[\xi(X_{0})]=(\varphi_{g}, \xi(\sigma)\varphi_{g})$, (5.3)
$E_{\mu_{\infty}^{\epsilon}}[f(X_{t})g(X_{8})]=(f(\sigma)\varphi_{g}, e^{-|t-s|(H-E)}g(\sigma)\varphi_{g})$ . (5.4)
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: $A_{j}\in \mathscr{B},$ $j=0,1,$ $\ldots,$ $n$ , :
$E_{\mu_{\infty}^{\epsilon}}[\prod_{=0}^{n}1_{A_{j}}(X_{\epsilon t_{j}})]=e^{2\epsilon t}e^{2E\epsilon t}\sum_{\sigma\in \mathbb{Z}_{2}}\mathbb{E}_{\mathcal{W}}^{\sigma}[(\varphi_{g}(X_{-\epsilon t}),$
$Q_{[-\epsilon t,\epsilon t]}^{(\epsilon)} \varphi_{g}(X_{\epsilon t}))\prod_{j=0}^{n}1_{A_{j}}(X_{\epsilon t_{j}})]$
$=(\varphi_{g}, 1_{A_{0}}e^{-(t_{1}-t_{0})(H-E)}1_{A }\cdots e^{-(t_{n}-t_{n-1})(H-E)}1_{A_{n}}\varphi_{g})$ .
(5.2)
5. $3$ $F$ $f\in L^{2}(\mathbb{R}^{d}),$ $\xi$ : $\mathbb{Z}_{2}arrow \mathbb{C}$
$(e^{-TH}1_{\mathscr{H}}, \xi(\sigma)F(\phi(f))e^{-TH}1_{\mathscr{H}})=e^{2\epsilon T}\sum_{\sigma\in \mathbb{Z}_{2}}\mathbb{E}_{\mathcal{W}}^{\sigma}\mathbb{E}_{\mu_{E}}[\xi(X_{0})e^{-\frac{a}{e}\Phi_{E}(\int_{-\epsilon T}^{\epsilon T}X_{S}j_{s}hds)}F(\Phi_{E}(j_{0}f))].$
:
$(e^{-TH}\xi(\sigma)F(\phi(f))e^{-TH}1_{\mathscr{H}})(\sigma)=e^{2\epsilon T}\mathbb{E}_{\mathcal{W}}^{\sigma}[Q_{[-\epsilon T,0]}^{(\epsilon)}\xi(X_{0})F(\phi(f))E_{\mathcal{W}}^{X_{0}}[Q_{[0,\epsilon T]}^{(\epsilon)}1_{\mathscr{H}}(X_{\epsilon T})]].$
$Q_{[S,T]}^{(\epsilon)}=I_{S}^{\epsilon*}e^{\Phi_{E}(-\frac{\alpha}{\epsilon}\int_{S}^{T}X_{S}j_{s}^{\epsilon}hds)J_{T}^{\epsilon}}$ . 4.2 $(N_{t})_{t\in \mathbb{R}}$
5.$4\hat{h}/\omega\in L^{2}(\mathbb{R}^{d}),$ $f\in L^{2}(\mathbb{R}^{d})$ $\xi$ : $\mathbb{Z}_{2}arrow \mathbb{C}$ $\beta\in \mathbb{R}$
$(\varphi_{g}, \xi(\sigma)e^{i\beta\phi(f)}\varphi_{g})=e^{-\frac{\beta^{2}}{4}\Vert f\Vert^{2}}\mathbb{E}_{\mu_{\infty}^{\epsilon}}[\xi(X_{0})e^{i\beta K(f)}]$ . (5.5)
$K(f)=- \frac{\alpha}{2}\int_{-\infty}^{\infty}(e^{-|r|\omega}\hat{h}, f)X_{\epsilon r}dr$ $(\mathscr{X}, \sigma(\mathcal{F}))$
: $( \varphi_{g}, \xi(\sigma)e^{i\beta\phi(f)}\varphi_{g})=\lim_{Tarrow\infty}(\frac{\Phi_{T}}{\Vert\Phi_{T}\Vert}, \xi(\sigma)e^{i\beta\phi(f)}\frac{\Phi_{T}}{\Vert\Phi_{T}\Vert})$ 5.3
$( \frac{\Phi_{T}}{\Vert\Phi_{T}\Vert}, \xi(\sigma)e^{i\beta\phi(f)}\frac{\Phi_{T}}{\Vert\Phi_{T}\Vert})=\frac{1}{Z_{\epsilon T}}e^{2\epsilon T}\sum_{\sigma\in \mathbb{Z}_{2}}E_{\mathcal{W}}^{\sigma}\mathbb{E}_{\mu_{E}}[\xi(X_{0})e^{-\frac{\alpha}{\epsilon}\Phi_{E}(\int_{-eT}^{\epsilon T}X_{s}j_{s}hds)}e^{i\beta\Phi_{E}(j_{0}f)]}.$
$\mu_{E}$
$(\varphi_{g}, \xi(\sigma)e^{i\beta\phi(f)}\varphi_{g})$
$= \lim_{Tarrow\infty}e^{-L_{\Vert f\Vert^{2}}^{2}}4\frac{1}{Z_{\epsilon T}}e^{2T}\sum_{\sigma\in \mathbb{Z}_{2}}E_{\mathcal{W}}^{\sigma}[\int_{-T}^{T}dt\int_{-\tau^{W(X_{\epsilon t},X_{\epsilon s},t-s)ds}}^{T}E$
$= \lim_{Tarrow\infty}e^{-\frac{\beta^{2}}{4}\Vert f\Vert^{2}}\mathbb{E}_{\mu_{T}^{\epsilon}}[\xi(X_{0})e^{i\frac{\alpha\beta}{2}\int_{-T}^{T}ds(e^{-|\epsilon|\omega}\hat{h},\hat{f})X_{\epsilon\epsilon}}].$
$| \int_{-\infty}^{\infty}d_{\mathcal{S}}X_{\epsilon s}(e^{-|s|\omega}\hat{h},\hat{f})|\leq 2\Vert\hat{h}/\omega\Vert\Vert\hat{f}\Vert<\infty$
$\mu\tau$
5. 12 telescoping



















5.5 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d}),$ $f\in L^{2}(\mathbb{R}^{d})$ $\xi$ : $\mathbb{Z}_{2}arrow \mathbb{C}$
$h_{n}(x)=(-1)^{n}e^{x^{2}/2} \frac{d^{n}}{dx^{n}}e^{-x^{2}/2}$ $n$
$( \varphi_{g}, \xi(\sigma)\phi(f)^{n}\varphi_{g})=i^{n}E_{\mu_{\infty}^{\epsilon}}[\xi(X_{0})h_{n}(\frac{-iK(f)}{\Vert f\Vert/\sqrt{2}}).](\Vert f\Vert/\sqrt{2})^{n}, n\in \mathbb{N}$. (5.6)
:
$e^{-\beta^{2}\Vert f\Vert^{2}/4}e^{i\beta K(f)}= \sum_{n=0}^{\infty}h_{n}(\frac{-iK(f)}{\Vert f\Vert/\sqrt{2}})\frac{(-\beta\Vert f\Vert/\sqrt{2})^{n}}{n!}$ . (5.7)
$\frac{1}{i^{n}}\frac{d^{n}}{d\beta^{n}}e^{-\beta^{2}|f|^{2}/4}e^{i\beta K(f)}\lceil_{\beta=0}=i^{n}h_{n}(\frac{-iK(f)}{\Vert f\Vert/\sqrt{2}})(\Vert f\Vert/\sqrt{2})^{n}$ (5.8)
(5.8) $( \varphi_{g}, \xi(\sigma)\phi(f)^{n}\varphi_{g})=\frac{1}{i^{n}}\frac{d^{n}}{d\beta^{n}}e^{-L_{\Vert f\Vert^{2}}^{2}}4E_{\mu_{\infty}^{\epsilon}}[\xi(X_{0})e^{i\beta K(f)}]$ (5.6)




$( \varphi_{g}, \xi(\sigma)F(\phi(f))\varphi_{g})=(2\pi)^{-1/2}\int_{-\infty}^{\infty}\check{F}(\beta)4[\xi(X_{0})e^{i\beta K(f)}]d\beta$. (5.9)
$e^{i\beta\phi(h)}$
$[e^{i\beta\phi(h)}]_{ren}= \frac{e^{i\beta\phi(h)}}{(1,e^{1\beta\phi(h)}1)}=e^{+\beta^{2}||h||^{2}/4}e^{i\beta\phi(h)}$ $F_{ren}(\phi(h))$
$ ^{}F_{ren}(\phi\}_{\llcorner}^{arrow}\#_{\backslash }h^{\backslash ^{\backslash /}E_{\check{O}}^{h)).=}}(2\pi)^{-1/2}\int\check{F}(\beta)[e^{i\beta\phi(h)}]_{ren}d\beta$ 5.4 5.6





5.8 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d}),$ $f\in L^{2}(\mathbb{R}^{d})$ $\beta>0$
$( \varphi_{g}, e^{-\beta\phi(f)^{2}}\varphi_{g})=\frac{1}{\sqrt{1+\beta\Vert f\Vert^{2}}}E_{\mu_{\infty}^{\epsilon}}[e^{-\frac{\beta K^{2}(f)}{1+\beta||f||^{A}}}]$ . (5.10)
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: 5.4
$( \varphi_{g}, e^{-(\beta^{2}/2)\phi(f)^{2}}\varphi_{g})=(2\pi)^{-1/2}\int_{\mathbb{R}}e^{-k^{2}/2}(\varphi_{g}, e^{i\beta k\phi(f)}\varphi_{g})dk$
$=(2 \pi)^{-1/2}\int_{\mathbb{R}}e^{-k^{2}/2}e^{-k^{2}\Vert f\Vert^{2}/4}\mathbb{E}_{\mu_{\infty}^{\epsilon}}[e^{i\beta kK(f)}]dk=\frac{1}{\sqrt{1+\beta^{2}\Vert f\Vert^{2}/2}}E_{\mu_{\infty}^{\epsilon}}[e^{-\frac{\beta^{2}K^{2}(f)/2}{1+\beta^{2}||f||^{2}/2}}]$
$\beta^{2}/2$ $\beta$
5.9 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d}),$ $f\in L^{2}(\mathbb{R}^{d})$ $|\beta|<1/\Vert f\Vert^{2}$
$\varphi_{g}\in D(e^{(\beta/2)\phi(f)^{2}})$ h$\grave{}$
$\Vert e^{(\beta/2)\phi(f)^{2}}\varphi_{g}\Vert^{2}=\frac{1}{\sqrt{1-\beta\Vertf\Vert^{2}}}\mathbb{E}_{\mu_{\infty}^{\epsilon}}[e^{\frac{\beta K^{2}(f)}{1-\beta||f||^{2}}}]$ . (5.11)
: [Hir04, Theorem 10.12] $B=\{z\in \mathbb{C}||z|<1/\Vert f\Vert^{2}\},$ $\mathbb{C}_{+}=\{z|\Re z>$
$0\}$ $\mathbb{C}_{-=}\{z|\Re z<0\}$
$\rho(z)=\frac{1}{\sqrt{1+z\Vert f\Vert^{2}}}E_{\mu_{\infty}^{\epsilon}}[e^{\sqrt{}}-zK^{2}(f)], (z>0)$ (5.12)
$\rho(z)$ $\mathbb{C}_{+}\cup B$ $|K(f)|<\alpha\Vert f\Vert\Vert\hat{h}/\omega\Vert$
$\overline{\rho}(z)$
$\overline{w}\in \mathbb{R}\cap B$
$B_{\delta}(w)=\{z\in$ $|z-w|<\delta\}$ $\delta$ $\mathbb{C}$ $\delta$ $\delta<1/\Vert f\Vert^{2}$
$w$ $B_{\delta}(w)\cap \mathbb{C}_{-}\cap B\neq\emptyset$ $\overline{\rho}(z)$
$\overline{\rho}(z)=\sum_{n=0}^{\infty}(z-w)^{n}b_{n}(w) , z\in B_{\delta}(w)\cap B$. (5.13)
$\mathbb{C}_{+}\ni z\mapsto(\varphi, e^{-z\phi(f)^{2}}\varphi)\in \mathbb{C}$
$\mathbb{C}_{+}$ $\varphi_{g}\in D(\phi(f)^{2})$ .
$\mathbb{C}_{+}$
$B\uparrow Rffi_{\backslash }$ $\backslash \S$ :
$( \varphi_{g}, e^{-z\phi(f)^{2}}\varphi_{g})=\sum_{n=0}^{\infty}(z-w)^{n}\frac{1}{n!}\int_{0}^{\infty}(-\lambda)^{n}e^{-w\lambda}dE_{\lambda}, z\in \mathbb{C}_{+}$ . (5.14)
$E$
$\varphi_{g}$












(5.17) $\lim_{Marrow\infty}\int_{0}^{M}e^{-z\lambda}dE_{\lambda}<\infty(z\in B_{\delta}(w)\cap B\cap \mathbb{R})$
$\int_{0}^{\infty}e^{-z\lambda}dE_{\lambda}<\infty$ . $\varphi_{g}\in D(e^{-(z/2)\phi(f)^{2}})$ .
$\Vert e^{-(z/2)\phi(f)^{2}}\varphi_{g}\Vert^{2}=\overline{\rho}(z) , z\in B_{\delta}(w)\cap B\cap \mathbb{R}$, (5.18)
$\delta<1/\Vert f\Vert^{2}$ $w\in \mathbb{R}\cap B$ $\mathbb{C}_{-}\cap B\cap B_{\delta}(w)\neq\emptyset$
5.9 $\Vert e^{(\beta/2)\phi(f)^{2}}\varphi_{g}\Vert$
5.10 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$ $f\in L^{2}(\mathbb{R}^{d})$ $\lim_{\betaarrow 1/||f||^{2}+}\Vert e^{(\beta/2)\phi(f)^{2}}\varphi_{g}\Vert=\infty$
: (5.11)
5.9 $\Vert e^{(\beta/2)\phi(f)^{2}}\varphi_{g}\Vert<\infty$
5.11 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$ $f\in L^{2}(\mathbb{R}^{d})$ $\varphi_{g}\in D(e^{\beta\phi(f)})$
$(\varphi_{g}, e^{\beta\phi(f)}\varphi_{g})=(\varphi_{g}, \cosh(\beta\phi(f))\varphi_{g})=e^{\Delta_{\Vert f\Vert^{2}}^{2}}4E_{\mu_{\infty}^{e}}[e^{\beta K(f)}]$ , (5.19)
$(\varphi_{g}, \sigma e^{\beta\phi(f)}\varphi_{g})=(\varphi_{g}, \sigma\sinh(\beta\phi(f))\varphi_{g})=e^{L_{4^{-\Vert f\Vert^{2}}}^{2}}E_{\mu_{\infty}^{g}}[X_{0}e^{\beta K(f)}]$ . (5.20)
: $\beta f$ $f$ $e^{xy\frac{1}{2}y^{2}}= \sum_{n=0}^{\infty}h_{n}(x)^{y}\frac{n}{n!}$ (5.6)
$\lim_{Marrow\infty}(\varphi_{g}, \sum_{n=0}^{M}\frac{1}{n!}\phi(f)^{n}\varphi_{g})=e^{\frac{1}{4}||f\Vert^{2}}E_{\mu_{\infty}^{e}}[e^{K(f)}]$ (5.21)
$(\varphi_{g}, e^{\phi(f)}\varphi_{g})$ $(\varphi_{g}, \phi(f)^{n}\varphi_{g})=0$
$n$ $( \varphi_{g}, \sum_{n=0}^{M}\frac{1}{(2n)!}\phi(f)^{2n}\varphi_{g})$ $Marrow\infty$
5.9 $\Vert e^{\phi(f)^{2}/(4\Vert f\Vert^{2})}\varphi_{g}\Vert<\infty.$ $E$ $\varphi_{g}$ $\phi(f)$
$( \varphi_{g}, \sum_{n=0}^{M}\frac{1}{(2n)!}\phi(f)^{2n}\varphi_{g})=\int_{R}\sum_{n=0}^{M}\frac{1}{(2n)!}\lambda^{2n}e^{-\lambda^{2}/(4||f\Vert^{2})}e^{\lambda^{2}/(4||f\Vert^{2})}dE_{\lambda}.$
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$e^{\lambda^{2}/(4\Vert f\Vert^{2})}$ 5.9 $E_{\lambda}$ $\sum_{n=0}^{M}\frac{1}{(2n)!}\lambda^{2n}e^{-\lambda^{2}/(4\Vert f\Vert^{2})}$
$\cosh(\lambda)e^{-\lambda^{2}/(4\Vert f\Vert^{2})}(M\uparrow\infty)$ $\cosh(\lambda)e^{-\lambda^{2}/(4\Vert f\Vert^{2})}$
$\lim_{Marrow\infty}\int_{\mathbb{R}}\sum_{n=0}^{M}\frac{1}{n!}\lambda^{n}dE_{\lambda}=\int_{\mathbb{R}}e^{\lambda}dE_{\lambda}<\infty$
$\varphi_{g}\in D(e^{\phi(f)})$ (5.19) (5.20) $(5.1k^{9}$
5.3 2
[GHPS12, Section 3.2] :
$\frac{(\Phi_{T},\xi(\sigma)e^{-\beta d\Gamma(\rho)}\Phi_{T})}{\Vert\Phi_{T}||^{2}}=E_{\mu_{T}^{\epsilon}}[\xi(X_{0})e^{-\alpha^{2}\int_{-T}^{0}dt\int_{0}^{T}W^{\rho,\beta}(X_{\epsilon t},X_{\epsilon\epsilon},t-s)ds}]$ . (5.22)
$W_{\infty}^{\rho,\beta}= \int_{-\infty}^{0}dt\int_{0}^{\infty}W^{\rho,\beta}(X_{\epsilon t}, X_{\mathcal{E}S}, t-s)ds$
$W^{\rho,\beta}(x, y, T)= \frac{xy}{2}\int_{\mathbb{R}^{d}}|\hat{h}(k)|^{2}e^{-|T|\omega(k)}(1-e^{-\beta\rho(k)})dk.$
$|W_{\infty}^{\rho,\beta}|\leq\Vert\hat{h}/\omega\Vert^{2}/2<\infty$
5.12 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$ $\xi$ : $\mathbb{Z}_{2}arrow \mathbb{C}$
$(\varphi_{g}, \xi(\sigma)e^{-\beta d\Gamma(\rho)}\varphi_{g})=\mathbb{E}_{\mu_{\infty}^{\epsilon}}[\xi(X_{0})e^{-\alpha^{2}W_{\infty}^{\rho,\beta}}], \beta>0$. (5.23)











(5.25) (5.27) (5.24) 4.10 (5.26) $Tarrow\infty$
5.13 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$ $\xi$ : $\mathbb{Z}_{2}arrow \mathbb{C}$
$(\varphi_{g}, \xi(\sigma)e^{-\beta N}\varphi_{g})=E_{\mu_{\infty}^{e}}[\xi(X_{0})e^{-\alpha^{2}(1-e^{-\beta})W_{\infty}}]$ , (5.28)
$W_{\infty}= \int_{-\infty}^{0}dt\int_{0}^{\infty}W(X_{\epsilon t}, X_{\epsilon s}, t-s)ds.$
: 5.12 $\rho$ 1
5.14 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$ $\varphi_{g}\in D(e^{\beta N})$ $\beta\in \mathbb{C}$
$(\varphi_{g}, e^{\beta N}\varphi_{g})=E_{\mu_{\infty}^{e}}[e^{-\alpha^{2}(1-e^{\beta})W_{\infty}}]$ (5.29)
$\varphi_{g}\in D(e^{+\beta N})$ $\beta>0$
: 5.9
5.15 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$
$(\varphi_{g}, (-1)^{N}\varphi_{g})=E_{\mu_{\infty}^{e}}[e^{-2\alpha^{2}W_{\infty}}]$ , (5.30)
$(\varphi_{g}, \xi(\sigma)(-1)^{N}\varphi_{g})=E_{\mu_{\infty}^{e}}[\xi(X_{0})e^{-2\alpha^{2}W_{\infty}}]$ . (5.31)
$(\varphi_{g}, (-1)^{N}\varphi_{g})=E_{\mu_{\infty}^{\epsilon}}[e^{-2\alpha^{2}W_{\infty}}]\geq e^{-\alpha^{2}\Vert\hat{h}/\omega\Vert^{2}}>0$ , (5.32)
$(\varphi_{g}, \sigma(-1)^{N}\varphi_{g})=E_{\mu_{\infty}^{e}}[X_{0}e^{-2\alpha^{2}W_{\infty}}]=-1<0$ . (5.33)
: (5.30) (5.31) (5.28) (5.32) (5.31) $\varphi sB\in \mathscr{H}_{-}$
$P\varphi_{SB}=\sigma_{x}(-1)^{N}\varphi_{SB}=-\varphi sB$ $E_{\mu_{\infty}^{\epsilon}}[X_{0}e^{-2\alpha^{2}W_{\infty}}]=(\varphi_{g}, \sigma(-1)^{N}\varphi_{g})=$
$(\varphi_{SB}, P\varphi_{SB})=-1.$
5.16 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$
$( \varphi_{g}, N^{m}\varphi_{g})=\sum_{r=1}^{m}a_{r}(m)\alpha^{2r}E_{\mu_{\infty}^{e}}[W_{\infty}^{r}]$ , (5.34)
$a_{r}(m)= \frac{(-1)^{r}}{r!}\sum_{s=1}^{r}(-1)^{s}(\begin{array}{l}rs\end{array})s^{m}.$





5.17 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d}),$ $f\in L^{2}(\mathbb{R}^{d})$ $\xi$ : $\mathbb{Z}_{2}arrow \mathbb{C}$
$( \varphi_{g}, \xi(\sigma)\phi(f)\varphi_{g})=\alpha\int_{\mathbb{R}^{d}}(\xi(\sigma)\varphi_{g}, (H-E+\omega(k))^{-1}\sigma\varphi_{g})^{-}\hat{h}(k)f(k)dk$. (5.35)
$( \varphi_{g}, \sigma\phi(h)\varphi_{g})=\alpha\int_{\mathbb{R}^{d}}\Vert(H-E+\omega(k))^{-1/2}\sigma\varphi_{g}\Vert^{2}|\hat{h}(k)|^{2}dk$ . (5.36)
: 5.4
$( \varphi_{g}, \xi(\sigma)\phi(f)\varphi_{g})=\mathbb{E}_{\mu_{\infty}^{\epsilon}}[\xi(X_{0})K(f)]=\frac{\alpha}{2}\int_{-\infty}^{\infty}dr(e^{-|r|\omega}\hat{h}, f)\mathbb{E}_{\mu_{\infty}^{\epsilon}}[\xi(X_{0})X_{\epsilon r}].$
5.2
$= \frac{\alpha}{2}\int_{-\infty}^{\infty}dr\int dk(\xi(\sigma)\varphi_{g}, e^{-|r|(H-E+\omega(k))}\sigma\varphi_{g})\overline{\hat{h}(k)}\hat{f}(k)$
$= \alpha\int_{\mathbb{R}^{d}}(\xi(\sigma)\varphi_{g}, (H-E+\omega(k))^{-1}\sigma\varphi_{g})\overline{\hat{h}(k)}\hat{f}(k)dk.$
$( \Phi, (\sigma\phi(f))^{2}\Phi)\leq\frac{\Vert f\Vert^{2}}{2}(\Phi, (N+1)\Phi)$
5.17 :
5.18 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$
$( \varphi_{g}, N\varphi_{g})\leq\frac{\alpha}{2}(\varphi_{g}, \sigma\phi(h/\omega)\varphi_{g})\leq\frac{\alpha^{2}}{2}\Vert\hat{h}/\omega\Vert^{2}$ . (5.37)
: $( \varphi_{g}, N\varphi_{g})=\frac{\alpha^{2}}{2}\int_{\mathbb{R}^{d}}|\hat{h}(k)|^{2}\int_{-\infty}^{0}dt\int_{0}^{\infty}dse^{-|t-s|\omega(k)}E_{\mu_{\infty}^{\epsilon}}[X_{\epsilon t}X_{\epsilon s}],$
$E_{\mu_{\infty}^{\epsilon}}[X_{\epsilon s}X_{\epsilon t}]=(\sigma\varphi_{g}, e^{-|t-s|(H-E)}\sigma\varphi_{g})$
5.2
$( \varphi_{g}, N\varphi_{g})=\frac{\alpha^{2}}{2}\int_{\mathbb{R}^{d}}|\hat{h}(k)|^{2}\Vert(H-E+\omega(k))^{-1}\sigma\varphi_{g}\Vert^{2}dk$. (5.38)
(5.38) (5.36) 2 (5.36)
(5.38) pull-through $|(\varphi_{g}, \sigma\phi(f)\varphi_{g})|\leq C\Vert f\Vert$ $C$
Riesz $G\in L^{2}(\mathbb{R}^{d})$ $(\varphi_{g}, \sigma\phi(f)\varphi_{g})=(\hat{G}, f)_{L^{2}(\mathbb{R}^{d})}$








$H=[^{H_{f}+\alpha\phi(h)}0H_{f}-\alpha\phi(h)0$ $H$ $\varphi_{g}=\{\begin{array}{l}\varphi_{vH}(\alpha h)\varphi_{vH}(-\alpha h)\end{array}\}$
$\varphi_{vH}(\pm\alpha h)=e^{\pm i\alpha\pi(h)}1$ . $\epsilon=0$




$K(f),$ $(1, \Psi(f)^{2}1)-(1, \Psi(f)1)^{2}=\Vert f\Vert^{2}/2$.
$\chi=\alpha\frac{1}{2}\omega(k)\hat{h}(k)\int_{-\infty}^{\infty}e^{-|s|\omega(k)}X_{\epsilon s}ds$
$\epsilon=0$
$\chi=\sigma\alpha$ van Hove $H_{vH}(\chi)$
$\varphi_{vH}(\chi)$ $H_{vH}$ $\varphi_{vH}(\chi)=e^{i\pi(\chi)}1$.
6.1 $\hat{h}/\omega\in L^{2}(\mathbb{R}^{d})$
$(\varphi_{g}, e^{i\beta\phi(f)}\varphi_{g})=E_{\mu_{\infty}^{e}}[(1, e^{i\beta\Psi(f)}1)]=E_{\mu_{\infty}^{\epsilon}}[(\varphi_{vH}(\chi), e^{i\beta\phi(f)}\varphi_{vH}(\chi))]$ . (6.2)
: 2 $e^{i\pi(\chi)}\Psi(f)e^{-i\pi(\chi)}=\phi(f)$
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